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1.0 INTRODUCTION

The present work is a part of a larger effort to determine whether simple and
inexpensive hardening techniques will allow protection of industrial equipment
in a nuclear attack so that rapid post attack repair / rebuild/ recovery is
possible. In Phase I some of the hardening techniques were successfully tested
in Event DICE THROW , a 500 ton TNT equivalent event which took place 6 Oct. 1976
(Ref. 1). Boeing participated in additional hardening tests in two DNA sponsored
5 ton TNT events , 25 August 1976 (Ref. 2) and 10 August 1977 (Ref. 3). In
addition , Boeing conducted static hardening tests and analytical studies on
general hardening techniques , earth arching, thermal pulse and debris
survivability and on recovery of Boeing ’ s key machine shop, the Auburn facility,
after a nuclear attack.

In the present report a list of industri es is developed which woul d be critical
for U. S. industrial recovery . Two sample inci~.istri es were surv eyed in some
detail to develop insight on hardening and recovery procedures. The fi rst
survey is a summary of the previous Boeing Auburn ha rdening and recovery study.
It serves as a model for large industri es . The second survey involves a small
plastics industry (Reynolds Industries , Inc.) in the Los Angeles area . It
serves as a model for smaller subcontracting plants.

A proposed test plan is included for FY 1978. It includes model factory and
model Soviet basement shelter tests in an event such as MISERS BLUFF , high

impulse machine hardening tests in AFWL advanced HEST tests (to simul ate
megaton impulses ) and continued expedient shel ter wall stabil ization tests.
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2.0 INDUSTRIAL SURVIVAL AND RECOVERY- -
ESSENTIAL FUNCTIONS AND FACILITIES

The economy of the United States is compl ex , diversifi ed , and rapidl y changing.
To the knowl edge of the authors no studies or model s of the U. S. economy yet
exist that correctly interpret the functioning of the U. S. economy and its
response to major perturbations. An examinati on of some major perturbations
of the U. S. economy such as the depression of the 1930’ s , the great expansion

during Wo rld War II, the technological changes and expansion of the 1950’ s
and 1960’ s , the reaction to environmental and pollution control legislation , and

the reaction to the OPEC oil embargo and increased oil prices s how there are
strong relationships among government social legislation , fiscal policy and
the industrial economy . The U. S. economy has demonstrated great resiliency in
many situations and considerable confusion in other situations. The difference
between resiliency and confusion is closel y associated with the presence or
absence of clear cut national priorities and wi th fi scal policies which permit
or hinder implementation of the priorities . Existing studies and model s of the
U. S. economy are unable to correlate all the interactions of production , dis-
tribution, and consumption or to include the interactions of government policies /
priorities and fiscal policies. In the absence of correct correl ations , there

is no yardstick to properl y assess the importance of one segment of industry
compared to another. This is especially true since the desire is to determi ne the
importance of post attack industry in a situation expected to produce an ecomomy
of scarcity while the present U. S. economy is an economy of abundance. In an
economy of abundance industry can produce more of almost every product than can
be consumed. Several alternate products compete for the same custome r so sub-
stitution is quite easy. In an economy of sca rcity demand greatly exceeds
production capability, all goods produced are consumed regardless of quality
and if a product falls or disappears , there are no immediate substitutes .
Sel ection of priorities is therefore much more Important in an economy of
scarcity than in an economy of abundance. In current U. S. Industry there is

littl e training of managers to operate efficientl y in an economy of scarcity.
Establishment of priori ties and the availability and assignment of skilled

workers will therefore be of much more importance in post attack recovery than

at present.
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In reference 4, the authors point out there has been littl e agreement among civil
defense authors on which industries are essential. They felt that without an
exha ustive study of the entire Li. S. economy that any list of essential industries
will be quite judgemental . Despite the reservations stated by Sachs and Leavitt ,
we feel that the industrial priority list they developed is the best available.
However, since they tied their priority list directly to the SIC* code system
without estimating individual industrial importance , we feel their list is not
completel y satisfactory. For exampl e, on their list (Appendix B of the reference)
it appears that paper bags and lampbulbs have the same priori ty as petroleum
refining or railroads.

Since use of the SIC code system is not essential to the purposes of the present
study it is felt that descriptive/functiona l titles give a better understanding
of the essential functions and facilities list. Most of the items on this list
correspond roughl y with those on the referenced list but will be grouped in
functionally related categories . It is important to recognize that many essential
items should be available through sal vage from facilities which have been put
out of operation but not totally destroyed . Examples are tool s and structural
steel . Furthermore , if war fatalities are high production pressure on food, potabl e
water, and pharmaceutical industries mi ght be reduced . Such items where the
supply (through salvage ) and the demand (number of people surviving ) are dependent
on nature and severity of attack are tagged by an asterisk in the list.

The approach used in developing a list of industries essential for post attack
recovery was first to define very broad categories of the essential functions
to rebuild society, narrow the list of industrial survi val/recovery requ i rements ,
and then to group the essential functions and facilities into functionally related
categories. The criteri a used in selecti ng essential industries include:
(1) bulk tonnage of input raw materials (2) number of workers in the industry
(3) ranking in corporate/business worth (4) gross sales value of product
(5) engineering estimates of the number of other industries dependent on
recovery of this industry and (6) engineering judgements on the likel y post
attack overal l economic/industrial situation.

*Standard Industrial Classification code in which Industries are identified by

4 di gi t numeric codes.

7
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The broad essential functions (not in priori ty of relative importance ) to sustain
and rebuild a technical society are:

Table 1. Essential functions to rebuild society.

I People to sustain and rebuild. This requires people to be released from

subsistance drudye~°y.
II Energy

III Raw materials
IV Water suppl y for people , agricul ture and industry

V Comunications

V I Transportation for peopl e , products , and raw materials
V II Construction industry

VI II First tier (end product) manufacturing
IX Second tier (materi al s suc h as steel or chemicals) manufacturing

X Maintenance facilities, utilities, and repair capabilities
X I Education (long term recovery)

XII Centralized (government) control for priori ty allocations

The restoration of the educational system and government control are outside the
scope of this study. However, our system of checks and balances in government
and a division of responsibility and authority among federal , state, county, city
school district, and various regional agencies mandates that all level s of
government must regain functional capability if industry is to recover in a short
time. Industry is dependent on utilities, comunication , transportation , housing
for workers, police and fire protection and medical facilities which are funded ,
directed and regulated by an interlocking network of government entities . With-
out functioning governments at all levels industrial recovery woul d be greatly
delayed. Restoration of communication and of transportation (for people) will
be essential for retaining or rebuilding functioning governments.

For labor requirements industrial recovery is directly concerned only with the
availability and assignment of skilled industrial workers , repair / rebuild
workers and trainees. These workers will not be availabl e if failure of food,
clothing, and housing forces everyone into a fuiltime desperate strugg le for
survival. Recovery of society is completely dependent on keeping a skilled

labor force free of the daily struggl e for subsista nce living. This means that

8
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production and distri bution of food , clothing and shel ter are prerequisities for
industrial recovery. With these considerations in mind , the list for general
recovery of society is subdivided into functionall y similar categories. An

asterisk indicates some relief is possibl e through salvage or through reduced
population levels. Parenthetical i tem references indicate interrelationships in
the list. Order in the list is not necessarily a measure of importance or
priori ty.

Table 2 Essential functions for industrial recovery

I People to rebuild industry
1. Skilled survivors moved where needed
2. Water (Item IV )
3. Shelter

a. Material s (Item VIII)
b. Transportation (Item VI)

4. Food
a. Storage*
b. Transportation (Item VI )
c. Seed Stocks
d. Fertilizer (Item VII)*
e. Agrichemicals (Item VII)*
f. Farm machinery (Item VII)*
q. Fishing Boats

II Energy*

• a. Power Plants*

• b. Transmission and Distri bution *
c. Fuel Supplies (oil , natural gas , jet fuel , gasoline, coal , uranium )

III Raw Materials
a. Crude oil (petrochemical industri es) i. Wood pulp
b. Barite j. Al kalies
c. Fl uorspar k. Metal ores
d. Potash 1. Sulfur
e. Soda m . Coal (fuel and coke)
f. Borates n. Crushed rock , gravel , san d

• g. Phosphate rock
h. Rock salt

9
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Tab le 2 Essenti al functions for Industrial recovery (continued)

IV Water supplies (people and industry)
1. Sources (wells , pumps , etc.)
2. Treatment (Items V I and VII)
3.

V Communications

1. Transmit stations (TV, tel ephone , telegraph , radio)*
2. Lines (telephone , telegraph)*
3. Receive stations *
4. Energy (Item II)

VI Transportation
1. Ve hic l es (trucks , trains , ships , tugs , barges, waterways, docks , ports,

locks , aircraft maintenance vehicles )
2. Roads *
3. Railroad tracks*
4. Airfields
5. Energy (Item II)

VII First tier (end product) manufacturing
1. Fertilizer *
2. Agrichemicals*
3. Farm machinery *
4. Steel pipes and tubes*
5. Cars , trucks *
6. Paper products
7. Containers (bags , bottles , cans , boxes )
8. Sanitary paper products
9. Batteries

10. Pharmaceutical , medical , botanical products
11. Soaps , detergents and sanitary agents
12. Tires and inner tubes
13. Rubber and plasti c hose and belting
14. Hand tools (powered and unpowered*)
15. ConstructIon machinery*
16. Welding apparatus
17. Electri c lamps

10
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Tabl e 2 Essential Functions for Industrial Recovery (Continued)

V III Second Tier Manufacturing
1. Petroleum deri vatives (asphalt , etc.)*
2. ~ cei
3. Nonferrous metals
4. Paper
5. Synthetic rubber
6. Plastics
7. Intermediate chemicals (sul phuric acid , etc.)

8. Lumber , wood products
9. Cement

IX Maintenance Facilities (Including Construction )

1. Skilled people (Item I)

2. Veh icles (Item VI)*

3. Tools and welding apparatus (Item VII)*
4. Parts and Materials

5. Energy (Item Il)

Seve ral points can be made concerning some major topics on this list: The availability

of an adequate number of trained people is necessary for industrial recovery. Indus-

trial survival/recovery cannot be divorced from popula ion protection. The construc-

tion and provisioning of shel ters for workers can readily be a part of industrial

protection , but protection of workers will have little value unless their families ,

neighbors and friends are protected . This requires a national cormiitment on

population protection activities .

Oil refi neries , which are crucial to energy need s , are very vul nerabl e and difficul t

to harden.  A la rge number are concentrated in Louisiana . Many others are

constructed near oil tanker port facilities. Most of the vulnerabl e catalytic
• cracking towers and distillation towers are primarily utilized to obtain high

• fractions of specific fuels. Simpler distillation equ ipment coul d be constructed
from salvaged or stockpiled materials and coul d produce l ower grade fuel s at
reduced efficiency. It Is felt the recovery scheme for oil refineries should
Include plans to fi rst rebuild simp le distillation equipment to provi de emergency
fuel s for transportation (and some power plants).

11



There are unique suppl y problems for some raw materials which are now essential .
An exampl e is vanadium used in some high quality steels. The only U. S. supplier
is the U.S.S.R. The only recourses to i nterruption of this suppl y are stockpili ng
or substitution of other steel al l oys.

Pharmaceutical manufacturing which is crucial to population health is concentrated
in the New York - New Jersey area . Stockpiling and plan s for dispersal of
manufacturing appea r necessary.

Some second tier products are utilized in a large fraction of first tier
industries. An example is sul furic acid which is used in large quantities by
many industries. Since much of the U. S. manufacture of sul fu ric acid is co-
l ocated with major users in heavy industrial areas it could be vulnerabl e to attack.

Fortunately the production of sul furi c acid is extremely simple and could be
done wi th very crude equ i pment. Rather than protect the large acid towers now
utilized , it woul d appea r better to plan to begin post attack production with
simple (low efficiency ) burning and spray ing towers built from stockpiled or
salvaged materials. Stockpiling acid resistant materials (sheet lead ) would be
necessary .

12



3.0 SAMPLE INDUSTRY SURVEY S

3.1 BOEING AUBURN PLANT

Hardening and recovery studies were carried out in 1975 and 1976 on the Boeing
Auburn plant. Some of the results are sumarized here to illustrate the methodology

of such studies. The overall purpose of this work was to examine the effectiveness
of Soviet industrial hardening techniques against U. S. warheads. A “mirro r image ”
approach was adopted. The Auburn plant (along wi th the entire Puget Sound
industrial area) was treated as a part of Soviet industry. A portion of the
U. S. retaliatory warhead inventory was then targeted against the Puget Sound
area. Two attack scenarios were considered :

1. A di rect attack (one 100 kt warhead) was made on the hardened
Auburn plant , and

2. A “col l ateral” attack was made on the unha rdened Auburn plant

(i.e. the plant was not an aim poi nt, but was subjected to 10
psi blast overpressure as a result of an attack on a nearby target).

Recovery time s were estimated only for the collateral attack case.

Since the purpose of this contract is to study industrial hardening the
direct attack case will be summa ri zed. However , recovery time is also of
interest. Even though the Auburn plant recovery times were for an unhardened
plant, the procedure used to obtain these times is typical .

The Boeing Auburn plant is the prima ry machine shop/fabrication facility for
the Boeing aircraft production program (see Fig. I). The fol l owing topics
were addressed :

1. What key items must be hardened , dispersed or stockpiled
(hardening in this study means prevention of irreparable damage),

2. Methods of protection ,

3. What materia ls , empl acement times and resources are requi red for
protection ,

4. Post-attack recovery time , recovery methods and resource estimates , and

5. Critical subcontract industries.

13
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The results of this study were used to hel p evaluate the effectiveness of
industrial protection and aided in initial planning for field tests .

Boeing Auburn is one of the largest machine shops in the world. The most
important items are located in four large buildings shown in Fi g. 1 (540 ft. wide
and up to 1260 ft. long). Key i tems were chosen as those which are unique to Boeing
in the local (Puget Sound) industrial area and which are essential to normal
commercial production . Six key item types were singl ed out:

1 . Autoclaves (Fig. 2) used to bond composite structures at hi gh
pressure and temperature ,

2. Heat treat facility (Fig. 3),
3. Spar mills (Fig. 4) used to machine wing spars ,

4. Skin mills (Fig. 5) and
5. Process tank lines (Fig. 6) - large tanks in which aircraft parts

are dipped for various chemical treatments ,
6. Fi ve—axi s milling machines (Fig. 7).

Many other items woul d also be protected to assure rapid recovery , but many of
them could be obtained from non-critical surviving industries in the local area.

Of the protection alternatives (hardening, dispersal , stockpiling entire
machines or a combination ) onl y hardeni ng was studi ed in detail for the six key
item types. Dispersal , unless carried out as part of a long range program would
disrupt production unduly while stockpiling dupl i cates of key machines woul d be
very expensive. Cheap and effective ha rdening techniques were devel oped and tested
in high explosive events. As noted earl i er, simpl e hardening may not be feasible for
key items in some industries such as petroleum and steel industries .

Hardening techniques developed for the six key i tems are illustrated in Fi gures
8 through 13. Heat treat furnaces would be filled wi th sand , laid on their sides
and buried or woul d be l owered into holes and buried . Quench tanks would be sub-
merged in water. Spare firebricks , firebrick mortar , and nichrome wire would be
stockpiled at a remote site.

The spar mills and five-axi s mi lls would be replaced on sti ff but crushable bases.

In the hardening exercise they woul d be covered with sheet plastic , surrounded by
a l ayer of crushabl e material for rattle space and buri ed in soil. At Boeing

15
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the crushable material would be al uminum chips which are produced in large quantities.
Some spares (depending on the machine ) would be remotely stockpiled.

The autoclaves are inherently quite hard , particul aryif they are kept pressurized
by a small (expendable) compressor. Delicate machines could be stored inside in
chips. The autoclaves would be buried in soil to prevent debri s damage and to
avoid turnover by nuclear weapon produced dynamic pressure.

The hardening proceduresshown in Figs. 11 and 12 for process tanks and skin mills
i nvol ve empl acing cofferams around the i tem , flooding to the bottom of a cover
over the dam and burying the cover in the soil to avoid debri s damage. The water
transmits hydrostatic pressure with little energy deposition in the item itsel f.
A simpler alternati ve for the process tanks woul d be to fill the pit and tank
with soil and rely on earth arching to protect the tank. (High explosive test
results indicate that crushable material s and earth arching may be advantageous
for the skin mills.) For either tank ha rdening scheme some bending of the tanks
would be tolerable. However, teflon and plastic lining materials should be
remotely stockpiled , since these specialized linings are not readily avai~able.

The following items should be stockpiled in hardened , dispersed storage areas:

Food
Drinking water
Basic tool s
Cutting /welding torches and acety lene
Small mach ine parts

Vehicles (perhaps dispersed-—bul ldozers , cranes , forkl ifts , trucks , etc.)
Firebricks and fi rebrick mortar
Nichrome wi re
Selected structural steel
Duplicate electronics, recti fier el ements, transformers

A ir compres sors
Motor generators and 600 to 750 hp motors
Key overhead crane components
Emergency motor/generator plant and fuel

Cement and cement mixers

28



Process tank liners
Wheel barrows and shovels

Sheet pl astic for weather protection

Several calculations were made using diffe rent assumptions concerning the time
required to harden the four Boeing Auburn machine shop buildings. Machines were
assumed to be prepl aced on stiff , crushabl e bases to provide ground shock protection.
On notification of an impending attack all available personnel would be divided
into three shifts and assigned the following tasks:

1. Disconnect all machine wiring to avoid EMP damage ,

2. Disconnect delicate items such as machine control panels and
milling machine cutting heads for special hardening attention
(such as empl acement in chi ps in the autoclaves),

3. Apply anticorrosion treatment (grease, paint or cosmoline ) to
machi nes,

4. Cover all machines wi th sheet plastic ,
5. Emplace prebagged crushable material s,

6. Cover all machines with enough soil to provide earth arching.

The last i tem would be most time-consuming. It was found that important
machines tended to be cl ustered closely enough that near- flush burial of
large numbers of machines was needed rather than provision of sing le mounds
around individual machines. (This is an advantage because less soil is required.)
Soil depth is dependent on machine size (actually on minimum horizontal dimension
across the machine), but is generally many feet (about 20 ft. for a large mill
bed and 8 ft. for smaller machines) . There would be some mounds (4 to 1 slope)
above thi s flush cover over some very tall i tems.

Although an admittedl y huge amount of soi l is needed (about hal f a million
cubic yards) it was found that the time to harden the majori ty of machines in
the four mai n buildings woul d be about 2 days under the following assumptions:

1. Preplaced (weather protected) earth mounds and bagged chips near
the buildings ,

2. Ful l use of all overhead cranes and earth moving equipment to move soi l ,
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3. Movement of 10 cubic yards per day of soil by wheel barrow by all
personnel not engaged in other activities (total work force of
12,000 assumed). (This would imply stockpiling 4,000 wheel barrows
and shovel s which should be dispersed after hardening for use in
recovery).

There are other more mi nor assumptions such as the need to extend overhead
crane rails outside the buildings to the earth mounds. The important point
is that vast amounts of soil can be moved in rather short time s if adequate
planning and preparation is carried out.

A second study was made assuming no advance preparations were made except
stockpiling of sheet plastic and plastic bags , shovel s, and hydraulic jacks. In
this case one crew would be ass i gned to jack ing  up mach ines , so alum inum chips

could be pl aced under them as a crushabl e base. All dirt was moved by pickup trucks
and automobiles belonging to the workers . In thi s case from 4 to 7 days were
required to protect all key equipment. One-third of all key equipment could be

protected quite readily in three days .

Post attack recovery time strong ly depends on a number of factors:

1 . The severity of the attack ,

2. The availability of local support industri es, materials, and utilities
after the attack ,

3. Survival of needed personnel ,
4. Degree of doubl e or tri pl e shifting on surviving machines ,
5. Fraction of recovery which is acceptable

It was assumed that a 100 kt surface burst occurred on onc of the four main
buildings (direct attack case) and that little survived in this building. Some
machine dispersal woul d be hi ghly desirable. For exampl e, the l arge mills and
autoclaves are clustered in small areas in one building. If that building is

• hit all these machines could be lost. If they were dispersed in several buildings
no one hit coul d destroy all of them. An assessment was then made of damage to be
expected in the other three buildings.
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In this assessment it was found that the building walls and roof would be
damaged beyond repair. The floor woul d be buckl ed several inches over
horizontal distances of the order of 100 ft. Utilities buried in soil would
survive , but those in the open would be destroyed.

The following types of damage are expected for the six key items. All i tems
were protected as shown in Figures 8 thru 13.

E~~ected Dama ge to Heat Treat Facility

Foundation under the quench tank pit will be disp laced up to 3 inches
vertically, up to 1-1/2 inches horizontall y, and tilted up to 5 degrees.

Walls of the quench tank pit will be cracked and tilted up to 5 degrees
from vertical .

Valves and piping under quench tanks — cast iron pipe s or val ves will

have cracked joints due to bending or shear. Malleabl e steel pipes or

valves wil l have some bending but shoul d not break.

Quench tanks — very little damage .

Furnace - If furnace is in sepa rate silo , filled with sand and

surrounded by 20 inches of crushabl e backfill no damage is expected

except fire bricks will be shaken loose from their morta r and nichrome wi re
broken.

If furnace is covered horizontall y, the damage will be greater. Fire-
• bricks are expected to be dislodged and will cause extensive denting of

furnace shell . Portions of the furnace shell , perhaps 10% to 20% of
total area , will be dished in up to 6 inches .

Expected Damaffe to Spar Mill

Foundation - vertical displacement up to 6 inches , horizontal

displacement up to 3 i nches , tilt up to 10 degrees.

Main foundation beam - up to 3 Inch horizontal displacement on foundation.
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Machine Bed — up to 3 inch latera l displacement on beam. Al i gnment bolts
sheared if not removed or loosened.

Working Machine — if removed from track and placed on crushable material
very little damage except for bending of secondary support members -
unsupported end of cabl e braces , tool holders , etc. bent 3 inches .

If remaining on track , warping or twisting of main arbor and track
wheels , 20 twist or warp.

Expected Damage to Autoclave

Dents in shell up to 6 inches deep over main saddl e supports.

Main door is expected to rotate up to 2 degrees compared to cylindrical
shell. This will cause wa rping of the main hinges and warping or
breaking of latches , stops or dogs. (Soil cover would prevent internal
pressure from blowing door open).

Foundations under the support saddles may be displaced up to 3 inches
vertically, 1-1/2 inches horizontally and tilted up to 5 degrees .

• Heating elements will be broken if not removed .

Control cabi nets will be dished in up to 3 inches. Internal wi re
connections will be broken.

Expected Damage to Tank Lines
Foundations may be displaced up to 6 inches vertically, 3 inches
horizontally and tilted up to 10 degrees.

Sides of tanks may be dented inward or outward up to 6 inches.

Protective liner materials will be spalled loose from the tank walls
and cracked into pieces about 1 foot square.
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Some tank walls will be perforated by roof gi rders. Perforations

about one foot in diameter going though two walls of each tank can
be expected .

Piping and valves — any brittl e cast i ron piping joints will be cracked.
Malleable steel piping — some bending but no breaks.

Expected Damage to Skin Mills
All parts exposed to corrosion as a result of immersion in water.

Foundation - vertical displacement up to 6 inches, horizontal displacement
up to 3 inches , tilt up to 10 degrees.

Main foundation beams - up to 3 inch horizontal displacement on foundation.

Machine bed - up to 3 inch lateral displ acement on beams, ali gnment
bolts sheared if not loosened preshot , up to 6 inches of warping or
twisting of bed along 100 foot length. Two or three perforations by
roof girders penetrating the sand bag l ayer end on - perforations about
1 foot in diameter .

Working machine - bel l ows torn off by water velocity . Any sheet metal
panel - dished in or “oil-canned” by water vel ocity.

Machine “warped” from one side to other by 20 twist.

Major load bearing arbor and supports - no damage except 20 warp or twist.

Secondary structures, supporting cabl es, control panels , etc. - unsupported
end bent 3 inches.

• Expected Damage to Fi ve-Axis Mi1l in~ Machine
Foundations may be displ aced up to 6 inches vertically, up to 3 inches

• horizontally and tilted up to 10 degrees. Sheet metal cabinet sides will
be dented in up to 3 inches.
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Main support frame or arbor will be warped or twisted up to 5 degrees.

Seconda ry support structure s such as cable supports or motor mounts
will be bent up to 3 inches .

A large number of machines besides the key items are involved in the hardening
scheme. Taking small lathes as typical of these machines , the following level
of damage may be taken as representative.

Expected Damage to Small Lathes
Cast iron support legs - about half will be cracked or broken.

Malleabl e support legs - bent up to 3 inches

Lathe bed - bent up to 1/2 inch or warped up to 2 degrees.

Gear drives - random damage by debri s impact. About 25% of gear trains
will have one or more damaged gears or bea rings.

In all cases some corrosion damage can be expected despite the anti-corrosion
films and sheet plastic covers.

The external appearance of the plant would be one of devastation—-three of
the key buildings flattened and the fourth cra tered. However, test data from
high explosive events indicate that large numbers of machines would be
repairable. Furthermore , in a study in which the Puget Sound area ’s “proportion ”
of warheads were targeted on key industries and milita ry facilities , it was
found that a large fraction of supporting industry also would survive. Fi nally,
it was found that insufficient weapons were available to seriousl y cri pple the

electrical supply and distri bution system. Assuming Soviet— type population protec-
tion measures were taken as part of the overall civil defense drill , recovery

would be possible.

There is a continuous range of possible recovery levels. At one extreme the

Auburn plant could be more or less duplicated on an adjacent site and the

surviving machines moved over. This would take an amount of time comparable

I
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to the time it took to build the present plant , i.e. a period of years. At

the other extreme is the Soviet experience in the second Worl d War. In moving

industry east of the Urals there were cases in which production continued on
machines which were out in the open in subzero weather. The Messerschm idt plant
in Augsburg demonstrated an intermediate case. After a raid which appeared to
destroy the main factory, production was resumed in a few weeks.

In the case of recovery at the Auburn plant , the floors would still be usabl e

so three of the four buildings could be rebuilt in place. The timing sequence
would be for personnel to stay shel tered until fallout activity dropped to levels
permitting 2 to 4 hour work shifts (about a week). Then properly cl othed and
instrumented parties would be sent out for short periods to fill the crater and
remove the contaminated soil l ayer from the buildings to be reconstructed.
After this was done (about two more weeks) it would be safe to work full shifts
on a continuous basis. Then the following sequence would be followed :

1. Remove building debri s (both machine and hand labor),
2. Remove soil and crushabl e material (machine and hand labor),
3. Remove any moisture from machines and protect them from weather ,
4. Level the floor with asphalt ,
5. Rebuild the buildings and utilities ,
6. Reemplace and repair the machines ,
7. Connect utilities
8. Check-out and fine- tune all facilities

These tasks are roughly scheduled in Tabl e 3 for the collateral dama ge case.
Note that production returns to 10% of the prewar level in about 17 months.
To return to ful l produc tion (3D months ) more factory shif ts would be needed

than in the prewar time period to overcome the loss of some machines .

Heavy use would be made of surviving subcontractor skills in rebuilding the
buildings and utilities and in repairing the machines . These skill s woul d be
in great demand in the overall Puget Sound Recovery . The schedule takes the
scarcity of these skills into account. It was assumed that the Boeing plant
would have priority access to 25% of the surviv ing Puget Sound machine shop
capability and 10% of the surviving electrical generating capability.
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Although the recovery time for the direct attack case was not computed , it
should be noted that in some cases the damage to unhardened machinery at 10 psi
(collateral attack) would be greater than the damage to the same machines
hardened for the direct attack. Tank lines and heat treat facilities are
examples since these were heavily damaged by 10 psi air blast. Because of
this it is expected that the direct attack recovery time s would be comparable

to those in Table 3.

3.2 REYNOLDS INDUSTRIES , INC.

The Boeing Auburn plant represents a large fi rst tier industry with hundreds of
key manufacturing i tems . Sweeping generalizations were made by necessity in
the Auburn pl ant hardening and recovery considerations. A second hardening!
recovery study was undertaken on a small second tier industry partly in order
to deal explicitl y wi th all of the personnel and items needed for post-war
recovery, Reynolds Ind ustries , Inc., a smal l second-tier cable and connector
manufacturer located in the Los Angeles area , agreed to participate in this work.

The approach was to give key Reynolds personnel a briefing on the methods and
goals of the hardening / recovery program and suppl y them with a suggested
outline to follow . Reynol ds personnel then carried out the program internally
and prepared the report attached as the Appendix. Although thi s report has
some deficiencies resulting from the lack of a detailed scenario and personnel
trained in ha rdening techniques , it demonstrates :

1 . That hardening and recovery of industries does indeed appear to be
feasibl e if a massive nationa l civil defense effort were undertaken ,

and
2. That a dedicated team of industrial personnel can develop their own

hardening and recovery plan with littl e outside direction.
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4.0 TEST PLANS

This section covers proposed tests for FY 1978 which would extend the work
reported in References 1 through 3. The section is organized around a briefing
given to DNA in the fall of 1977. The proposed tests are not prioritized and
are quite comprehensive. Fiscal constraints are expected to necessitate both
simplification ~n and elimination of some of the tests.

Tables 4 and 5 give the reasons for extending previou s tests to hi gh (nuclea r
bu rst simulating) impulses , carrying Out debris impact tests on model factories
and carrying out expedient shel ter, model Soviet basement shelter and mound
scouring tests. Approaches to these tests recommended and reconiuended test beds
are covered in Tabl e 6. Test details , estimated costs and preferred test beds
are covered in Figures 14 through 17 and Tables 7 through 9. Advanced HESI
(“Foam HEST”) charges under development at AFWL are recommended for high impulse
tests , for instrumentation to understand hardening mechanisms and for the
expedient shel ter test (Fig. 14 and Tabl e 7). Model factories , Soviet basement
shelter models and mound scouring would be tested in one of the DNA sponsored
120 ton ANFO tests at MISERS BLUFF (Fig. 15 and Table 8). Very high impulse
tests and hardening mechanism tests could be carried out in the AFWL GRABS
facility (Fig. 16 and Table 9). A simple expedient shelter test is recommended
for DIABLO HAWK to determine wall displ acements under non-earth arching
conditions (Fig. 17 and Table 10). Costs for the recommended tests are summarized
in Table 11 , and program milestones are given in Table 12.

Figures 18 through 21 and Tables 13 through 16 cover backup test beds. The
T-~5 NEST test at Yuma would be suitable for high impulse tests, although
impulse is less than desired (Fig. 18 and Table 13). Figure 19 is a sketch
of a large hammer which would give well controlled and repeatable high impulse
tests. Table 14 lists some problems with such a facility . (Reportedly such
a system is being considered by WES). The DABS S-4 and S-5 tests (Fig. 20 and
Table 15) could give both high impulse inside the structure and MISERS BLUFF
type env ironments i n the muzzle regi on. There coul d be econom ies in performing
all tes ts at one test bed. However , impulse is less than desired and the
muzzle area environments are not well known. The WES Large Blast Load

j 
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Generator (Fig. 21 and Tabl e 16) is not only a good backup for GRABS , but could
also replace the NEST or DABS tests if test items were not too large. Both
overpressure and impulse can be simulated well. (In other test beds , over—
pressure is generally higher than des i red ) .
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5.0 CONCLUSIONS

1. There Is little agreement in the civil defense comunity concerning which
industri es are essential . Such a list was developed in this report
starting from broad categories of the essential functions to rebuild
society.

2. Sampl e industry surveys on a l arge plant (Boeing Auburn machine shops)
and on a small second-tier plant (Reynolds Industries , Inc.) indi cate
that industrial recovery is possible in a reasonabl e time if adequate
steps are taken to protect the pl ant and its key personnel . However,
it woul d be usefu l to carry out such surveys on a wider spectrum of
industri es.

3. The following tests are the most promising candidates for future high
explosive events: industrial equipment hardening to simulate nuclear
impulses , debris tests of model factories, overpressure tests of Soviet
basement shelter models and expedient shel ter model s and mound scouring
tests.
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6.0 RECON~IENDAT I ON S

1. Discontinue work on critical industrial surveys at this time. Definition
of post-attack priorities would require a vast economic study dealing
with preattack , transattack and postattack scenarios.

2. Carry out an industry survey on one of the more vulnerable critical
industries (e.g.  oil refining or steel production).

3. Prioritize industrial hardening /recovery tests and schedul e dedicated
tests and/or participation using existing test beds. Include passive
and/or active instrumentation schemes to determi ne hardening mechanisms.
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APPENDIX

SAMPLE INDUSTRIAL SURVEY

REYNOLDS INDUSTRIES , INC.
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1 .0 INTR ODUCTION

Blast overpressure damage resulting from major nuclear detonations in industrial
areas wil l  prevent resumption of significant industrial production for an extended
period . This report addresses the necessary pl anning and prepa ration for the rapid
production recovery of a small industrial facility In the Los Angeles , California
area following such a detonation. Its purpose is to investi gate the methods
which are feasible and mi ght be used by facility personnel to hasten a return
to production .

This report has been prepared by pers onnel of Reynolds Industries , Inc. , a
production facility chosen at random , and represents their view of the necessary
preparations and recovery activities leading to the most rapid resumption of
production of several key products.

One speci fic scenario has been selected as the background for the report. This
scenario is as follows: (No attempt has been made to establish or justify the
validity of the sequence of events before or after the attack).

1 . At least two years prior to the attack , the necessary capital and motivation

will be available to enable the compl etion of all long range preparations
including planning, facility preparation , material stockpiling and personnel
training.

2. All personnel protecti on up to the post attack period will be provi ded by civil
defense efforts. Necessary facility empl oyees will be available up to one

• day prior to and after the attack.

3. Effects of the attack other than bl ast effects, such as nuclear radiation ,
may be i gnored.

4. Outside assistance will not be available immediatel y fol l owing the attack
nor up to the time when production has been restored. As a consequence ,

all power and raw materi al s must be provided within the facility.

5. A two week pre— attack warning will be gi ven , thus permitting final preparation
of the facility and equipment In accordance with the previousl y pl anned
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facility survival plan. Following the attack , additional war activities and
civil disturbances may be Ignored.

6. The size and location of the blast in relation to the Reynolds facility
will be such that blast over-pressures in the 18 psi range will occur.
The Reynol ds building, typical of many housing light industrial companies ,
is not expected to survi ve this over-pressure. As a consequence this report
assumes a total building collapse wi th only the intentionally reinforced
basement surviving.
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2.0 SUMMARY

This survey illustrates the feasibility of providi ng a signi fi cant shortening

of the time span necessary for a smal l industrial facility to resum e production
fol l owing the blast effects of a nuclear explosion.

With adequate prepa ration and with two weeks forwarning of an attack l imited
production could be resumed wi thin a time span of 5 weeks at a direct cost of
approximately $370,000.

One to two years preparation would be necessary to provide this rapi d post-
attack recovery. A considerable portion of this preparation time woul d be
required for the purchase and delivery of necessary surviva l materials and
supplies and for the selection and training of the post-attack work force.

Production woul d be confined to only those limi ted products selected as most
desirabl e in a post—attack economy. This production woul d not be self-sustaining
and its continuation would depend on a resumption in the delivery of critical
raw materials and on a new source of outside energy severa l months following the
attack.

Three significant conclusions are appa rent in this survey. First , blast
hardening for future production in an organization such as Reynol ds requires a
high degree of effort at the individual company level due to the specifi c
adaptability of the building, the choice of post-attack products and the necessary
knowl edge of the manufacturing procedures.

Second , two specifi c preparation lead times are necessary. A long term preparation
period , in excess of a jear, is required for planning, stockpiling and making
basic facility modi fication. A final one to two weeks warning is also necessary
to cease normal production , relocate and cover equipment.

Finally, high technology companies such as Reynolds Industries are highly dependent
upon outside supp liers for sub— product level components , which are necessary to
produce the final product. Thi s necessary by-product of the free enterprise

system requires extensive stockpiling of these sub— product level components to

H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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assure a suppl y of necessary parts in the post-attack production period.
Al ternate efforts to acqu ire the necessary technology and tooling to provide a
hi gh degree of sel f-sufficiency appear to be impractical unless funded from
outside sources.

1 
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3.0 DESCRIPT ION OF REYN OLDS INDUSTRIE S, INC.

Reynolds Industries , the company whose facility has been sel ected for this survey,
is representative of the network of small producti on facilities within the
United States producing a variety of industrial products of rel ativel y hig h
technical content.

The Reynolds main facility is located in Mari na Del Rey, Cal i fornia , within the
Los Angeles basin. Figures 3—1 and 3—2 illustrate the Reynol ds building and
its location. A second smaller Reynolds facility is located in San Ramon ,
California where several specialty explosive products are manufactured . Onl y
the main facility in Los Angeles has been considered in this report.

Reynol ds employs approximately 100 people at its Los Angeles facility and enjoys
an annual sales volume of between three and five milli on dollars. Several distinct
product lines contribute to thi s sal es volume , including hi gh voltage and
speciality connectors, exploding bridgewi re detonator systems, and el ectrical
transient protection devices .

Reynolds products are marketed primarily in the Milita ry-Aerospace sector and
refl ect the technical and quality requirements of this specialized market area.
Fi gures 3—3 and 3—4 illustrate a portion of the high vol tage connector assemblies
manufactured by Reynolds. These connectors and vari ous assemblies of these
connectors with high voltage cables represent the prima ry Reynol ds product line.

Three distinct technical skills are the foundation for the majori ty of Reynolds
products . These are 1) mechanical design and fabrication , 2) precise physical
assembly l abor, and 3) electrical skill in both design and product test areas.
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Personnel

Reynolds ’ Los Angel es facility presently employs 101 peopl e in a combination
of indirect and direct labor functions and is non—union. Figure 3—5 illustrates
the current organization chart for the corporation includi ng the San Ramo n ,
Califo rnia expl osives group.

Employees of Reynolds Industries may be broken down into the following genera l
classifications:

Job Function Personnel

Administration 27
Engi neering 13
Quality Control 11
Manufacturing 50

Within these general classi fications , tasks performed by the Administrat ion ,
Engineering and Qual i ty Control groups are typical of those found for these

• type groups wi thin the Aerospace industry .

Individual job descriptions within the manufacturing group are di rectly related
to the somewhat unique Reynol ds’ product line. The following job descri ptions
Illustrate several of the basic performance requirements within the production
area.

Molding Department

Foreman: Supervisor of load and press operators. Responsible for the tooling
and equipment set-up; veri fying that in-process mol ding operations conform to
drawings , specifications , and MP’s; taking corrective action when molding
anomal ies occur , I.e., tooling modification , formulating and milling silicone /
fl uoro s i l icone rubber per specs . Individua l is heavily experienced in the
molding characteristics of rubbers and plastics and the tooling requi rements.
The processes and tooling for new products are verified and proven out by the
fo reman prior to production runs. Respons i ble for the depa rtment work load and
the meeting of production control schedules.

I 
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Lead: will perform the duties of foreman in the foreman ’ s absence. On a routine

basis performs set-up for production products. Al so is a press operator.

Press Operator: Operates injection , transfer and compression molding machines

to produce molded products or parts from pre—mixed standard rubber or plastic

compounds. Preheats to specifi ed temperature and starts machine cycling. Mai ntains

continuous attention to heat and pressure gae,,es and to ensure that mol d does

not close on a molded product. Removes mol ded products from machine , may trim

off sprues , flash, etc., and keeps a record of products produced. Watches for

mal function of machine as evidenced by defective products and reports this to

superior.

Fi nal Assembl y/Potting Department

Foreman: Is responsibl e for the direction of bench production assembl y of units

or products which are moderately or hi ghly complex and which may require ability

to work to very close tolerances. The work cycl e in these assembly operations

is either long or completely nonrepetitfve , involving a wide variety of operations.
Subo rdinate assembl ers must have a high degree of manipulative skill and be able
to work from detail bl ueprints , manufacturing procedures , and specifications .
Must have a thorough knowledge of the function of the items assembl ed and be able
to determine the workability of the completed item.

Lead: Performs foreman ’ s duties in his absence. On a routine basis is responsible
for the operation of the department.

Assembl er/Solderer: On a producti on basis , performs light mechanical assembly
work of moderate complexity. Assembly procedure involves fitting parts to close
tol erances, working with parts or components which are di fficul t to handle and
other skills which require good dexterity and facility in the use of a variety
of hand tools. Work Is not typically hi ghly repetiti ve , but the cycle of
repetition may be short enough to allow the development of some habit patterns.
Must be able to work from detail blueprints , assembly sketches and other inpu t
doc~~ents of similar compl exity.
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Cabl e Shop Department

Foreman: Is responsibl e for the di rection of bench production assembly of units
or products which are moderately or highly complex and which may require ability
to work to very close tolerances. The work cycl e in these assembly operations
is either long or compl etely nonrepetitive , involving a wi de vari ety of
operations. Subordinate assembl ers must have a high degree of manipulative
skill and be abl e to work from detail bl ueprints , manufacturing procedures , and
specifications. Must have a thorough knowledge of the function of the i tems
assembl ed and be abl e to determine the workability of the completed item.

Lead: Performs foreman’s duties in his absence. On a routine basis is
responsible for the operation of the depa rtment.

Assembler /Sol dere r: On a production basis , performs light mechanical assembly
work of moderate compl exity. Assembly procedures involve fitting parts to close
tolerances , working with parts or components which are diffi cult to handle and
other skills which require good dexterity and facility in the use of a variety
of hand tools. Work is not typically highly repetitive , but the cycle of
repetition may be short enough to allow the development of some habit patterns.
Must be abl e to wo rk from detai l bl ueprints , assemb ly sketches or other Input
documents of similar compl exity .

Machine Shop and Second Operation

Foreman: Is responsibl e for the supervision of employees who perform multi pl e
setups and operations to produce metal parts on a production basis. Subordinates
are typically journeyman machinists who are able to set up and operate a variety
of machines , such as lathes , mills , precision grinders , etc., to perform
divers i fied machining operations. They must be abl e to work from compl ex bl ue-
prints and drawings , perform standa rd shop computations relating to dimensions
of work , tooling, speeds and feeds of machining, and use of a wide vari ety of
precision measuring instruments.

Lead: Performs foreman’ s duties in his absence. On a routine basis is
responsibl e for the operation of the department.
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.5 Machinist: Performs multiple setups and operations to produce metal parts and
assemblies on a production basis. Sets up and operates a va riety of machines
such as lathes , mills , precision gri nders, etc., to perform diversified
machining operations. Must be abl e to work from compl ex bl ueprints and
drawings , perform standard shop computations relating to dimensions of work,
tooPng, speeds and feeds of machining , and use a wide variety of precision
measuring instruments. Includes only journeyman machinists who regularl y use
more than one type of machine in their work. Excl udes maintenance machinists
and experimental machinists.

Production Worker: Performs routine factory work requiring little job knowl edge
skill or discretion in sel ecting wo rk methods. Covers such duties as performi ng
simple repetitive bench operations such as burring, deflashing, abraiding,
heat treating, parts numbering, replenishing process sol utions , etc. Includes
only light to medi um physical effort.

£ 
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INDU STRIAL PLANT

The front portion of the Reynolds ’ building, as shown in front view in Figure
3-6, is a two story structure of standard rebar reinforced concrete bl ock
construction. This two story segment of the building houses the administration
functions . Adjoining the front two story structure is a single story manufacturing
area constructed of tilt -up concrete walls. All roofs are of plywood diaphram/
gl u-l am construction . Figure 3-7 shows the rear one-story section of the
building and Fi gure 3—8 the roof.

A large basement , used as a parking facility for employees , lies under the
entire structure. This basement has a 200 pound per squa re inch floor and
overhead supported by an array of reinfo rced conc rete columns.

Figure 3—9 illustrates the internal plant layout and reflects the production
area peculiar to the Reynolds ’ product line.

Bu ilding power is all el ectric and is local utility supplied . Sing le phase
120/240 volt and three phase 120/208 volt power is used. Utility pole
mounted transformers are visible in Fi gure 3-7. Two power service control
rooms are located in the basement area. Air compressors and hydr aulic pumps

are co-located with the 120/240 vol t control room.
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Photographs of portions of the facility and equi pment within the building
are as follows:

Figure 3-10 Computer room
Fi gure 3—11 Engineeri ng
Figure 3-12 Main production floor viewed from l ower administration

floor
Figure 3-13 Milling machine
Fi gure 3—14 Cabl e assembly shop
Fi gure 3-15 Gas tube furnace
Figure 3—16 Quality Control inspection lab
Figure 3— 17 Cable test shop
Figure 3-18 Veeco leak detector
Figure 3—19 Gas tube test equipment
Figure 3—20 Thermotron environmental test equipment
Fi gure 3—21 Basement hydrauli c compressors
Fi gure 3-22 Basement el ectric power control

1 -  
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4.0 SELECTIONS FOR POST-CONFLICT SURVIVAL

This report presents a subjective view of the efforts and processes undertaken
by a smal l industrial facility to survive a specified war time scenario. Thi s
section of the report describes the processes and reasoning followed in the
selection of the surv iving products , personnel , industrial tools , materials
and records .

The selection process is essentially governed by the products selected as desirabl e
post-attack commodities in a war damaged economy . Once the product is chosen ,
the necessary manpowe r, tool s and materials follow automatically in the sel ection
process.

A. The dependence of this choice 0f materials and manpowe r necessary for Post-
attack production on the products chosen for survival leads to the conclusion
that an on- going procedure must be established to conti nuously update the
product choice for post-attack production as industry and Reynol ds
product priorities change. These on— going procedures shoul d include the
mechanisms to revise and update survival pl ans as necessary when new
survival products are added to the facility plan and others are del eted .

For this report , product selection was undertaken by upper management within
Reynolds Industries. Of the many product possibilities , the high voltage
connector product line was selected for several reasons.

1. Reynolds high voltage connectors are su fficiently unique within the electrical
industry to be a necessary post attack commodi ty.

2. Within the Reynolds organi zation, the high voltage connectors are produced
only in the Los Angeles facility thus enabling the study to be confined to
the one plant.

3. The high voltage connectors are the prima ry product within the Los Angel es
facility.
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PRODUCT S

A single product within the connector product area was chosen as a vehicle to
illustrate the steps associated with the selection of personnel , materials and
tools for survival of the high voltage connector manufacturing capability. This
product is a connector/cabl e assembl y used to interconnect a high voltage
power suppl y to a traveling wave tube within an electronic countermeasure s
system.

This cabl e assembly is illustrated in Figure 4—1 and is composed of a section
of high voltage cable terminated at each end with diffe rent Reynol ds hig h
voltage connectors. These cables may be seen installed in the users ECM system.
See Figure 4-2.

The cable assembly is composed of a length of special hig h voltage cable terminated
at each end with two di fferent high vol tage connectors of Reynol ds propri etary
design. Fi gure 4—3 breaks the complete assembly into its component parts.

Each connector contains several machined and plated components which are
purchased by Reynolds as machined parts and subsequently sent to an outside
plating shop for precision plating. These components are assembled by Reynolds
in accordance with an exacting series of process proced ures to mate wi th Reynol ds
molded rubber insulators and the precut and processed cable. Strict conformance
to the precision process procedures assure s the necessary hi gh vol tage tolerances
required of the finished cabl e assembly.

Prior to shipment each finished cabl e assembl y is tested at environmental
extremes for the specified high voltage holdoff cha racteristics.

The cabl e assembl y sel ected for the survey is typical of the production
requirements imposed on both the high vol tage connectors and connector/cable
assemblies produced within the Reynolds Los Angeles facility .
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PERSONNEL

During the ~~ig term pre-attack preparation period the manpower resourc es

of the entire Reynolds facility wil l be available. Fol lowi ng the attack a
post attack production force of eleven peopl e is planned and is considered
adequate for production limited to the hi gh voltage cable/connector assembly.

All personnel presently associated with financial and marketing functions
within the organization were eliminated from post-attack consideration , and
only those individual s within the engi neering, manufacturing and quality
control areas possessing broad capabilities have been selected for post attack
work force consideration.

Reynolds strong prog ram of promotion from wi thin has resul ted in a middle
management staff possessing the capability to substitute where necessary in all
production tasks associated with the high voltage cabl e/connector assembly.
For this reason a considerable portion of the post—attack work force has been
chosen from this middl e management staff.

• The post—attack choice of personnel is as follows :

Post Attack
Present Assignment Work Force Assigned

1. General Manager Work Force Mana ger
2. Chief Engineer Product & Facility Engi neer
3. Lead Engineer Manufacturing & Records Engineer
4. Production Manager Production Manager
5. Quality Control Manager Stores Management & Quality Control
6. Quality Control Engineer Quality Control Test
7. Machinist Machinist , Product & Facility Requirements
8. Production Assembler Production Assembly
9. Production Leadman Production & Parts Liaison
10. Cabl e Shop Supervisor Cable Assembly
11. Facility Engineer Facility Maintenance

Personnel sel ection for the post-attack work force was also based on the ability
of the chosen individuals to work both Independently and creatively. Second to
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direct knowl edge of the surviving product production procedures , the ability to
maintain a flexibl e attitude toward a vari ety of problems is considered hig hly
desirabl e in the individuals chosen to function in the environment of the

post—attack period.

In this survey this post-attack work force and their families will return to the
area of the facility on the day following the attack. Figure 4—4 illustrates
the residential area of these empl oyees. It is assumed that civil defense
protection will be provided for most of these peopl e in the area of thei r homes.
Several of the work force personnel who live a considerabl e distance from the
facility may find civil defense protection at a location in the general area
of the plant.

I NDU STRIAL TOOLS

Following sel ection of the desirable products for post-attack survival , key
equipment necessary to support production following the attack has been classifi ed
and selected as fol l ows :

A. Those industrial tool s directly related to the manufacturing procedures
established for the surviving product sel ected. These tools va ry from large
machine tool s requiring external power sources to smal l hand operated
tools critical to the individual manufacturing procedure.

B. Support equipment necessary to suppl y electrical power , water , air pressure
and any other indirect requirements for the chosen industrial production
process.

C. Tools and equipment necessary to provide production of those sub— l evel
piece parts necessary for the production of the chosen post-attack products
which are normally purchased from outside of plant sources. Sel ection of
this equipment requires a series of detailed make or stockpile decisions

because the necessary equ i pment and skills for the production of some
product details are impractical to provi de, even with adequate pre-attack
planning.
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D. Personnel support facilities and equipment. Thi s category Includes
provision for board and lodging, sanitation facilities , medical care,
transportation and recreation.

The key equipment selection process for this study followed these four classifi cations.

A. Di rectly related industrial tools: Figures 4-5 and 4—6 illustrate the detail
assembly of the chosen high vol tage cabl e assembl y and a flow cha rt of the
manufacturing process. Fi gure 4-6 has been keyed with alpha betical letters
in the circles representing the individual steps to the industrial tools
associated with the particular step. Listed belowis the basic list of key
industrial tools directly related to the manu facturing process , and provides
the foundation for the determination of necessary support equi pment and
facilities.

a. Marking machine
b. Speed lathe - Fi gure 4-7
c. Abrader - Figure 4-8
d. 1000 oven - Figure 4..9

• e. 310° oven - Figure 4-9
f. Ultrasonic cleaner
g. Striping machine , air driven
h. Solder pot
i Resistance soldering iron
j. Compounding Mi ll, silicone rubber - Fi gure 4-10
k. Moulding Press — Figure 4— 11
1 . Specialty wrench

Thr ee pieces of indirect production support equipment not included in the above
list are a hydra ulic pump , air compressors , and a small refri gerator for storage

• of necessary heat sensitive process chemicals.
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B. Support equipment necessary :

For the chosen surviving product six pieces of support equipment have been
identified as necessary. These are 1) a source of el ectrical power,
2) an air compressor and storage tank , 3) a refrigeration unit for materials
storage, 4) a source of uncontaminated water, 5) a vehicle for transportation ,
and 6) a bul l dozer for clearing rubbish and opening the basement area.
Three of these , the el ectrical power source, water supply and refrigeration
unit may also be used for personnel support functions.

1. Electrical power source. The Reynol ds facility presently require s
one hundred thousand killowatt hours per month for the operation of the
Los Angeles production facility. The ave rage operation power consumption
rate based on a thi rty— day month is 568 KW based on the following calcu-
lation :

Avera e Po er = 
Monthly Usageg W (Th~al Days-Weekend Days ) (Production Hrs .)

- 568 KW(30 - 8) (9) -

This power is consumed for all direc t production equ i pment in additi on
to the support function of lighti ng and cooling, various office machines
and equipment such as the computer facility. In a post—attack environment
where only a minor portion of the building and equipment survives , this
consumption has been estimated to be reduced to ten percent of the pre-
attack consumption , or 57 kilowatts. This estimate is considered
conservative for the selected limited production because it provides
in excess of one hundred percent of the load requ i rements of simultaneous
operation of all surviving power consumatlon requirements. A summary
of this simultaneous power usage is as follows :

Compressor 3730 watts
1000 oven 2940 watts
3000 oven 1600 watts
Abrader 240 watts
Lathe 1000 watts
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Ul trasonic 300 watts

Refrigerator 300 watts
Lighting 5000 watts
Various office

Equipment 2000 watts
Personnel heating 5000 watts
Water pump 1500 watts

TOTAL 23610 watts

For the post—attack period , where all utility power has been el iminated , a
diesel motor generator will be used supp lied with diesel fuel from an
underground storage tank installed in the basement area prior to the attack.

Prior to the attack a 60 KW prime generator available from comercial sources
will be purchased and installed. Continuous fuel consumption of 10 gallons
of fuel per production hour has been anticipated requiring a diesel fuel
storage capacity in excess of 2000 gallons per month. A 10 ,000 gallon
storage tank has been sel ected.

Necessary facility volta ge requirements will be provided by transformers
supplemental to the motor generator. Power will be re- routed to the basement
area through the existing basement control panels during the post-attack period
to eliminate any damage to the re— routed cabling during the blast period.

2. Air compressor and storage tank. The existing basement compressors and storage
facilities will be preserved for the post-attack period through the use of
crushable backpacking materials and sandbags.

3. Refrigeration unit. A small portable electric powered refri geration unit
will be procured and stored in the basement area prior to the attack.
Crushable material and sandbags will be used to provi de blast protection of
the unit.

4. Water. Potable water will be stored for both personnel and production usage
in a 150,000 gallon underground storage tank installed beneath the basement
floor in the long range pre-attack period.
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5. Transportation. Two jeep type utility vehicles will be provided and
stored in the basement area duri ng the pre-attack period. One for
personnel transportation and one of a truck confi guration for materials
transportation in the post—attack period . Both vehicles will be
protected wi th crushabl e materials and sandbags.

All pri vate personnel vehicles will be removed from the basement
prior to the attack to provide addi tional storage space and to lessen

the post-attack basement clean-up task.

6. A heavy diesel driven bulldozer will be procu red during the pre—attack
peri od to be used in the placement and removal of sandbags in the
basement area. The bulldozer will also be used to clear the building
debri s after the attack and cl ear passages to the basement. This post
attack refuse removal requires the bulldozer to be among the first
equipment available after the attack , if for no other reason than to
clear an entrance to the basement area. As a consequence of this
immediate post-attack necessity , the bulldozer will be stored in a
remotely located trench beyond the expected debri s area. The bul l-
dozer , a short term fuel supply, and hand tool s suc h as picks , will

be protected by crt~shab 1e material in the exca vation and then buried
with shovels by the prepa ration crew. The necessary shovels for
immediate post—attack recovery of the bulldozer will be placed in
a shal low excavation prior to the attack.

C. Tools and equipment for producing sub-assembl y level details in— house:
For the chosen post—attack surviving product , the major capability not
presently possessed by Reynolds Industries necessary for compl ete in- house
production of the hi gh voltage connector/cable assembly is that of
precision plating.

Reynolds presently has the machine shop capability to machine the
nece!sary connector details in-house . However, due to the subsequent
precision pl ating requirement for these details , this post—attack
machining option has not been incl uded in this survey.
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An al terna te to the surv ival pre para tion p l an presen ted would be to
acquire the plating capability prior to the attack, thus lessening the
stockpile requirement for these connector details. This alternate
woul d require stockpiling and storage of the necessary chemicals and
pla ti ng tan ks. However , of more si gnificance i-s the acquisition of
the necessary pl ating technical skills.

D. Personnel support facility and equipment: A detailed analysis of the
personnel support equipment for the post-attack work force is beyond
the scope of this survey. Thought has been gi ven to this problem wi th
the conclusion that a realistic portion of any past-attack plan
must include provisions for the maintenance of the post—attack production
work force and thei r facility for approximatel y one month.

For this reason a partial list of those items to be stockpiled and stored
within the facility basement is as fol lows:

1. Dried , canned food - 1 month supp ly
2. Medical supplies
3. Cots sufficient for work force and families
4. Material s to construct outside sanitation facility
5. Recreation exercise equipment , movies
6. Water to be jointl y used with production requirements

A portion of the surviving basement production area will be set aside
for lodging and boarding for the one month time span. It is assumed
that during this time personnel will devote a portion of their efforts
to securing permanent alternate sources of support in the Los Angel es
area surrounding the facility location
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MATERIALS

Two basic cl asses of materials are necessary to support a post attack production

effort of the high vol tage connector /cab l e assembly. The first class covers all
the physical detail parts used directly in the produced part which are made

outside of the facility and stockpiled , or alternately the materials to produce
these parts in house duri ng the post attac k period.

The second class covers the expendabl e materials such as epoxy and cleaning
fluids consumed as part of the production process.

Figure 4—12 illustrates the type of storage presentl y used in the Reynolds facility
for storage of the first cl ass of materials , and al so for small tools such
as precision molds.

Fi gure 4-5 l ists the key materials directly associated with the high voltage
cabl e assembly and the survey stockpile/manufacturing decision for these parts .

Pre-attack stockpi l ed parts are to be stored in the type of storage illustrated
in Fi gure 4—12 until the immediate pre attack warning period , at which time all
selected surviving product details will be transfe rred to boxes packed in
crushabl e materials and soil for basement storage. Minimu m inventory level s
for all high voltage connector /cable assemblies will be increased in accordance
with the anticipated post attack production requirements , and maintained at this
level at all times in the pre attack period . Production durin q this pre attack
period will draw from this single inventory sou rce on afirst in-fi rst out basis.

The second class of material s, the expendabl e materials , are as follows :

Ac etone
Nitrogen gas
Al cohol

Loctite

j Ink
Freon

Methanol
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Figure 4 - 12 TypIcal matefla~s and precision tool storage
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Pr imer
Sealant
Abrasive Sand
Adhesive

These material s will be either stored in permanent steel containers In the
basement area prior to the attack , or where requ ired, in the present facility
col d storage locker for heat sensitive materials. This cold storage facility
is illustrated in figure 4—13. During the immi nent pre—attack period all material
in col d storage will be transferred to the suppl emental basement cold storage
refri geration unit . This basement unit will be disconnected from electrical
power only on the last day prior to the attack and restarted as soon as
possible after the attack when the diesel motor generator has been placed in
se rv ice.
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Figure 4- 13 Cold storage fac i lity
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RECORD S

Reynolds presently provides two types of storage for industrial records. Al ter-
nate storage provisions for these records woul d be necessary for their survival
to enable a post attack return to production. Drawings and microfilm records
are stored and distributed from a central graphic service office located on the
second floor of the buildi ng, while detail current production procedures and
parts list are retained in the facility computer memory bank located in the
computer room adjacent to the graphic services office. Prior to a producti on
run current copies of all necessary manufacturing documents are obtained from
both sources by manufacturing.

Fi gure 4—14 illustrates the standard metal file type storage used by gra phic
services. The computer room is illustrated in Section 3.0, Fi gure 3—9.

The scenario of this report provides that the enti re Reynolds building will be
destroyed , with the exception of portions of the basement , leading to the
conclusion that pre-attack action must be taken to transfer current copi es
of all drawings and procedures for all post attack production products from
present data storage facilities to a survi vabl e pre—attack designated data
storage area. This conclusion establishes the need fsr procedures which flag
all records pertai ning to the chosen surviving products and automatically causes
a new copy of each record to be made and substituted for the old record in the
survivabl e data storage area whenever a change is made to the product data
record .

Examples of the records which are required for production of the high vol tage
connector /cabl e assembly, used as an exampl e in this report , are the detail
computer stored indentured parts list , manufacturing procedu res , and cabinet
stored engineering drawi ngs related to the part. Fi gures 4-15 and 4-16 are
examples of these types of records .
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5.0 PROTECTION PLAN

Fi gures 5— 1 and 5-2 illustrate the automobile parking ga rage under the Reynol ds
building. The somewhat unique availability of a large basement in the Reynolds
building provides the basis for the overall protection scheme .

Following noti fication of an expected attack , additional prestocked shoring
will be installed in this basement area and previously identi fied industrial

tools , materials and records will be moved to this basement. This equ i pment
will be covered by tarpaulins and sandba gged for additional protection. Post-
attack fuel and water will have been previously stocked with in the basement area
in addition to the necessary bulldozer required to move the equipment and
sandbags.

Figure 5—3 illustrates planned basement modi fications.

Personnel previously identified and trained as members of the post-attack
production team will obtain protection during the attack in accordance with
Civil Defense procedures established during pre-attack training. Those outside
of plant protection efforts wi l l  cover the protection of personnel du ring the
period i nmiediately preceding the attack until just after the attack when they
will return to clear the debri s and set up for post-attack production.

A clearly defi ned post production organization will exi st in accordance with
pre—attack pl anning. Upon their return to the Reynolds ’ plant area , following
the attack , the production staff will reside there with their families during
the critical post—attack production period .

Once back in the facility area , fi rst effort will be directed toward debri s
clearing to the extent necessary to gain access to the basement area where
personnel shelter and food routines may be establ i shed . Following this , efforts
directed toward the resumption of production will resume leading to the
gradual return to an overal l production capability.
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6.0 PRE-CONFLICT ACTIVITIES

Pre—conflict activities fal l into two categori es. The first category covers those
tasks that are performed during the one to two year long range time span fol l owing
the basic decision to prepare the facility for production survival . During this
period the activities of stockpiling raw materials and equipment directly
associated with production , personnel training, and preparation of the building
and suppo rt equipment are undertaken. A considerable portion of this
preparation time is absorbed by lead time requirements for materials and
equipment procured outside of the facility .

The second category of pre-conflict activity covers the sho rt time span between
final noti fication of the attack and the actual attack. The two week time spa n
provided by the scenario is filled with activities di rected toward relocation of
records, tools and equipment to the previously planned basement storage, and
placement of coverings and sandbags.

The pre-attack milestone chart of Section 8.0 , Figure 8-1, lists identifiable

activities and their estimated time spans. Following the decision to prepare

for an attack a management team is formed which then identifies and mana ges
all subsequent activities in the pre-attack preparation period.

A surviving product sel ection is made based on analysis of the future product
needs of a post—attack industrial environment which then permi ts detail pl ans
to be laid for the type of facility stockpiling and personnel selection

required to support post-attack production of the product.

Long lead time stockpile parts are ordered in addition to the necessary basement
storage containers required for these parts.

Detail formal survfval plans are developed by the survival management team which
provide guidelines for all subsequent preparations .

With the assistance of outside construction specialists a study is made of the
building to determine the most probabl e resul ts of blast overpressures on the
building and to reconinend placement of supplemental support structures. Procurement
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of the material s necessary for the required building reinfo rcement is undertaken
in addition to procurement of fluid storage tanks for the basement area.

The post attack work force is selected and brought into the management team to
provide ma ximum transfer of all knowled ge pertaining to the survival pl ans and
preparations. Weekly training sessions are begun and continue up to the
imaediate pre-attack period . Each member of the work force is trained in all
functions to the maximum extent possibl e to provide maximum flexibility during
the post attack peri od.

As materials for the facility modifications are delivered they are install ed
using both contracted and overall pl ant labor.

Crushable materials and sand bags are procured and stored in the basement area
following modifications to that portion of the bu 4’ 4ling.

V

When delivered , the motor-generator and bulldozer are housed in the basement
allowing operational instruction to be given to all members of the post-attack
work force.

As the necessary heavy post-attack production tools are identi fi ed , plans are

developed to allow their rapid removal to the basement area.

Upon notification of an iminent attack , all norma l facil ity production is termi nated.

F 
Basement fluid storage tanks are filled and shoring is installed . All planned
production equ i pment is moved to the basement incl uding stockpiled production
parts and mate rials. Crushabl e materials are pl aced over the equ i pment followed
by sandbags. All normal facility personnel assist In these last preparations .

Following all plant preparations the bulldozer is buried at a distance beyond
the expected plant debri s area.
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7.0 POST ATTACK ACTIVITIES

Initial activities in the post attack period are di rected toward re-entry into
the basement area and provisions for the billeting of personnel . Figure 8—2
of Section 8.0 illustrates the milestone chart for the post attack period .

With the return of members of the post-attack work force and their families
first efforts are to recover the bulldozer and open access to the basement.

Once this access has been gained the motor generator is uncovered and started
thus providing electrical power, and personnel are moved into the shel tered
area.

All mater ials and production tools are uncovered and se parate task forces
set up to continue cl earing debris , set up the production machinery and
reroute electrical power.

Production is resumed in the fi f th week. Concurrent with production , efforts are
made to re-establish outside con,nunicat$on and loca te materials and suppliers to
enabl e the continuation of production as stockpiled material s are consumed.

Personnel are expected to become sel f supporting outside of the facility
at the end o~ the first month.

With restocking of supplies and ei ther a resupply of diesel fuel or a resumption
of utility supplied power, the facility may continue production i ndefinitely.
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8.0 TIME SCHEDULES

Fi gures 8-1 and 8-2 give estimated time schedul es for pre-conflict and post-
attack activities.
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9.0 HARDNESS PROGRAII COST

An estimated total cost of hardening the Reynol ds facility wi thin the guidelines
of this survey is $370,000.

The overall hardness program cost is broken down as fol lows:

A. Stockpiling 0f material and equ i pment:
1. Direct highvo ltage connector/cabl e

hardware (5000 assemblie s ) $35,000

2. Production support expendabl e materi al 5,000

3. Storage containers 2,000

4. Sandbags & crushable material 3,000

5. Bul l dozer 40,000

6. Motor generator 15 ,000

7. 10,000 gallon storage tank 4,000

8. 150,000 gallon storage tank 50,000

9. Food (30 day supply, 35 people) 6,000

10. Medical supplies 3,000

11 . Lodging materials 1 ,000

12. Fuel (diesel ) 5,000
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13. Miscellaneous tool s  $ 2,000

14. Shoring for basement 10,000

Total: $181,000

B. Building Preparation :

1. Installati on of storage tanks $ 30,000

2. Footing for addi tional basement support 10,000

3. Motor generator installation 2,000

4. Relocation of equipment to basement during final
pre-attack peri od and shoring of basement 10,000

Total : $ 52,000

C. Personnel training (11 people , 8 hours
per week , 18 months) 137,000

Total Cost: $370,000
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10.0 SURVEY PROCESS

The process followed in the preparation of this survey was not unlike one which
mi ght be followed in an actual blast hardening effort.

A survey team was established at the onset of the program by Reynolds management.
The team was composed of one technical and one production/personnel member.
Facility line managers were informed of the purpose and goal s of the survey
and requested to assist to the extent necessary for the report.

Initial survey team-management discussions were hel d to establish the boundaries
of the report and the products to be chosen for the surv ey. Scenario guidelines
were discussed.

Fol lowing the prelimi nary discussions , detail investigations were made into the
best plan for use of the building capabilities as a shield against the blast
and into the task of separati ng a speci fic product for survival from the many pro—
ducts manufactured in the facility.

The existance of a basement in the building led to its obvi ous choice as an ~-
, 

-

area in which to place equ i pment for survi val. The degree of rei nforcing was
determi ned through the use of outside assistance.

Separation of the surviving product materials and equipment requirements identi fied
the need for storage provisions for certai n raw materials , tool s , to be transferred
to the basement and protected, and for emergency power provisions.

Tasks associated with the product manufacturi ng procedures identifi ed the minimum
requi red post-attack techni cal and production manpower skills. Management
knowl edge of the capabili ties of individual employees then identi fied those
most appropriate for the post-attack production period and suitable for training
for al tes’nate job functions.

Following establishment of the necessary purchased equ ipment attributabl e only

j  to a survi val preparation program, price estimates were obtained.
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As the report was prepare d for the trans fer of knowl edge pertaining to the
survey, rather than for subsequent action , extensive pictures of the facility
were obtained to aid in establish ing a background knowledge of the Reynol ds
plant for the user.

I 
I
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